Introduction {#s1}
============

Blood cultures for microbiological analyses are commonly obtained to assist in providing a confirmatory diagnosis of acute infections in a number of clinical areas and diseases. In addition, many institutions require surveillance blood cultures prior to initiation of any antibiotic therapies \[[@R01]\]. When blood culture results are positive, this information represents invaluable data in assisting in antibiotic selection, defining site and potential source of primary infectious origin, and prognosis. General guidelines and prediction rules have been proposed to assist in identifying patients with relatively high probability of positive blood cultures which would then represent true positives and confirmation of blood stream infection (BSI) \[[@R02]\]. However, the vast majority of blood culture results are negative with reported rates of true positive culture results ranging between approximately 4% and 10%, depending upon specific clinical indication. Perhaps even more damaging from a clinical perspective is when the results represent contamination and thus would confuse the clinical management with these false positive results not indicative of factual BSI \[[@R03]\].

Cystic fibrosis (CF) represents a disease manifested by both acute and chronic sustained lung infections. Most adult CF patients have received multiple courses of antibiotic therapy, either inhaled as a component of chronic lung heath maintenance, or acutely as inpatient care for acute infectious exacerbations \[[@R07]\]. In addition, adult CF patients frequently have indwelling vascular access devices (foreign bodies) for prolonged durations, which creates another source for both local and BSI \[[@R08]\]. In this review, we report the analysis of over 3,000 blood culture results in 150 total adult CF patients over a 15-year period of time from a single institution to define the frequency, clinical impact, and pathogens (both bacterial and fungal) for this disease-specific BSI.

Methods {#s2}
=======

This study was approved including waiver of informed consent by the Human Subjects Protection Office and Institutional Review Board of the Penn State Milton S. Hershey Medical Center (HMC). Adult CF patients (18 years of age or older) were identified by the continuous log of active and deceased patients kept daily by the CF Foundation accredited adult program director and coordinator at HMC. Retrospective chart review was performed over the investigational period of January 1, 2001 through December 1, 2015. All blood cultures obtained during this period of time were reviewed and the results were recorded. Afterwards the medical record was reviewed to specifically identify the relevance, impact, site source, therapies, and patient outcome related to each positive blood culture result and associated BSI.

Results {#s3}
=======

During the time period of January 1, 2001 through December 1, 2015, there were 190 adult CF patients registered at the HMC adult CF program, including 53 deaths over that time period. Forty patients did not have blood cultures obtained, which yielded 150 total evaluable adult CF patients with recorded blood culture results. There was a total of 3,053 blood cultures obtained with a mean number per patient equal to 20.5 ± 22.4 (SD) and a range of 1 - 122 cultures per patient. There were a total of 175 (6%) positive blood cultures with an identified potentially pathogenic microbial agent. Upon review of the medical record, two positive blood cultures were of undefined clinical significance or etiology (methicillin-sensitive *Staphylococcus aureus*, viridans *Streptococcus*), and 22 were presumed contaminants and not treated as to clinical significance (2: methicillin-resistant *Staphylococcus aureus* and 20: *Staphylococcus epidermidis* and other coagulase-negative *Staphylococcus*, *Corynebacterium*, *Oerskovia*, *Micrococcus* species). The remaining 151 (5%) positive blood cultures were considered pathogenic and clinically significant. Four positive blood cultures were polymicrobial (*Pseudomonas aeruginosa* + methicillin-resistant *Staphylococcus aureus*; *Pseudomonas aeruginosa* + *Enterobacter aerogenes*; vancomycin-resistant *Enterococcus faecalis* (VRE) + *Candida glabrata*; *Enterococcus faecalis* (not VRE) + *Candida albicans*).

Venous access device-related BSIs included sources of catheter-related infections and totally implantable venous access ports (TIVAPs). Catheter-related sources included percutaneously inserted central venous catheters, peripherally inserted central venous catheters (PICCs), and dialysis catheters. Thirty-one (21%) of evaluable patients developed a venous access device-related BSI which accounted for 106 of 151 (70%) positive blood cultures. Sixteen (11%) of these positive blood cultures were related to venous catheters and the majority 90 (60%) were related to TIVAP. Results for both bacterial and fungal-related venous access device infections with associated BSI are presented in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### Frequency of Bacterial and Fungal Related Venous Access Device Infections and Associated Bacteremia and Fungemia in Adult Patients (n = 31) With Cystic Fibrosis (2001 - 2015)

                                   Patients   Events   Positive blood cultures
  -------------------------------- ---------- -------- -------------------------
  Bacterial: catheter infections   4          6        14
  Fungal: catheter infections      1          1        2
  Bacterial: TIVAP infections      13         23       48
  Fungal: TIVAP infections         13         17       42
  Total                            31         47       106

TIVAP: totally implantable venous access ports. Event: single temporal identified infectious complication-noting multiple patients had more than one event. Three positive (+) blood cultures were polymicrobial.

###### Venous Access Device Related Blood Stream Infections in Adult Patients (n = 31) With Cystic Fibrosis (2001 - 2015): Frequency (numerical value relates to total number of positive blood cultures) and Species of Pathogenic Infecting Microbial Agent

  Bacterial                                                                Fungal
  ------------------------------------------------------------------------ ---------------------------
  Catheter-related blood stream infections                                 
  *Enterococcus faecalis* (not VRE): 6                                     *Candida glabrata*: 2
  Coagulase-negative *Staphylococcus*: 4                                   
  Methicillin-resistant *Staphylococcus aureus*: 1                         
  Vancomycin-resistant *Enterococcus faecalis* (VRE): 3                    
  Totally implantable venous access port (TIVAP) blood stream infections   
  Methicillin-resistant *Staphylococcus aureus*: 18                        *Candida albicans*: 22
  Coagulase-negative *Staphylococcus*: 10                                  *Candida glabrata*: 12
  Vancomycin-resistant *Enterococcus faecalis* (VRE): 1                    *Candida tropicalis*: 6
  *Enterococcus faecalis* (not VRE): 4                                     *Candida parapsilosis*: 2
                                                                           
  Methicillin-sensitive *Staphylococcus aureus*: 4                         
  *Serratia marcescens*: 3                                                 
  *Enterobacter aerogenes*: 3                                              
  *Pseudomonas aeruginosa*: 2                                              
  *Enterobacter cloacae*: 1                                                
  *Flavobacterium species*: 1                                              
  *Klebsiella oxytoca*: 1                                                  

Organ-specific infectious sources clinically determined to contribute to the positive blood cultures and disseminated BSIs occurred in 19 (13%) evaluable adult CF patients and 45 (30%) of all positive blood cultures. Despite the relatively low frequency of blood stream dissemination from primary lung infection in CF patients reported in the literature, 10 episodes of BSI in this review derived from a lung source (noting five episodes involved *Burkholderia cepacia* complex (BCC)). In addition, nine BSIs resulted from non-lung etiologies. As opposed to the venous access device-related BSIs, where none of the infections were thought to be causally related to mortality, BSIs from organ-specific infections were thought to be the cause of death in five patients. Lung-related sources of BSIs are listed in [Table 3](#T3){ref-type="table"} and non-lung sources in [Table 4](#T4){ref-type="table"}.

###### Lung-Specific Related Blood Stream Infections in Adult Patients With Cystic Fibrosis (n = 10) (2001 - 2015): Frequency (Numerical Value Relates to Total Number Positive Blood Cultures) and Species of Pathogenic Infecting Microbial Agent

  -------------------------------------------------------------------------- -----
  Methicillin-resistant *Staphylococcus aureus*                              6
  Methicillin-resistant *Staphylococcus aureus*                              1
  Methicillin-resistant *Staphylococcus aureus* + *Pseudomonas aeruginosa*   1
  *Hemophilus influenza*                                                     1
  *Stenotrophomonas maltophilia*                                             1
                                                                             
  *Burkholderia cepacia* complex                                             4\*
  *Burkholderia cepacia* complex                                             1\*
  *Burkholderia cepacia* complex (+ cavitary lung disease)                   2
  *Burkholderia cepacia* complex (+ cavitary lung disease)                   1\*
  *Burkholderia cepacia* complex (+ cavitary lung disease)                   1
  -------------------------------------------------------------------------- -----

\*Cause of death.

###### Non-Lung Organ-Specific Related Blood Stream Infections in Adult Patients With Cystic Fibrosis (n = 9) (2001 - 2015): Frequency (Numerical Value Relates to Total Number Positive Blood Cultures) and Species of Pathogenic Infecting Microbial Agent

  ------------------------------------------------- ------------------------------------------------------------------------------------- ----------
  Endocarditis (tricuspid valve)                    Methicillin-resistant *Staphylococcus aureus*                                         3
  Pyelonephritis/kidney abscess                     *Candida glabrata*                                                                    4\*
  Pyelonephritis                                    *Alcaligenes xylosoxidans*                                                            3
  Urinary tract infection with sepsis               *Enterococcus faecalis* (not VRE) and methicillin-resistant *Staphylococcus aureus*   2, 2
  PEG tube/abdominal wall cellulitis                Methicillin-resistant *Staphylococcus aureus*                                         3
  PEG tube/abdominal wall cellulitis                Methicillin-resistant *Staphylococcus aureus*                                         1
  Wound dehiscence/bowel evisceration/peritonitis   *Candida glabrata* and *Candida parapsilosis*                                         3\*, 2\*
  Spontaneous bacterial peritonitis/cirrhosis       *Klebsiella pneumoniae* and methicillin-resistant *Staphylococcus aureus*             1, 1
                                                                                                                                          
  Presumed intestinal                               *Salmonella species*: *S. muenster* serogroup 1 + *S. alachla* serogroup 0            1
  ------------------------------------------------- ------------------------------------------------------------------------------------- ----------

\*Cause of death. PEG: percutaneous endoscopic gastrostomy.

Discussion {#s4}
==========

Although lacking any defined abnormalities or deficiencies in adaptive humoral or cellular immunity and acknowledging the well-established defect in innate host defense affecting the lungs of individuals with CF, adult patients with CF clearly manifest numerous host defense limitations that place them at risk for infection \[[@R11]\]. These potential risk factors include the unique milieu of the CF lung that allows for the sustained proliferation of highly pathogenic bacteria, multiple invasive procedures and foreign bodies that remain *in situ* indefinitely with resultant frequent manipulations, malnutrition and CF-related diabetes, propensity for renal calculi and bowel obstruction often requiring invasive surgical procedures, and near constant exposure to antibiotics \[[@R12]\]. This report highlights the impact of many such parameters upon the morbidity and mortality of adult CF patients.

From a clinical perspective, these positive blood culture results and associated BSIs can be divided into two categories, primary infections related to nosocomial contamination of venous access devices and secondary BSIs resulting from localized organ-specific infections with secondary hematogenous dissemination.

The majority of BSIs \[70%\] resulted from invasive indwelling venous catheters, foreign bodies, and TIVAP. These BSIs were caused by a wide variety of both bacterial and fungal infecting pathogens \[[@R13], [@R14]\]. Although not specifically assessed in this retrospective chart review, it must be anticipated with high probability that these primary nosocomial infections would have significant negative health outcomes both for patients (symptoms, additional procedures, hospitalizations, prolonged lengths of stay, additional antibiotics), heath care providers, and resources (costs and resource utilization). Despite being a potential source of burden and disease to adult CF patients, these venous access device-related infections were not causally linked to mortality.

In contrast, the majority of mortality from BSIs resulted from catastrophic organ infections associated with tissue destruction and dissemination into the blood stream systemically. Although lacking histological or autopsy evidence in all cases, retrospective review of the medical records for each patient clearly documented clinical, laboratory, and radiographic supporting evidence for these invasive infections. For non-lung-related organ-generated BSIs, we particularly highlight the occurrences of methicillin-resistant *Staphylococcus aureus* bacterial endocarditis and pyelonephritis/kidney abscess resultant from *Candida glabrata* infection, the latter being fatal. In relation to lung-generated BSIs, our data again reflect current knowledge in emphasizing the invasive pathogenicity of BCC. In this report, BCC caused extensive cavitary lung disease in three patients and was directly responsible for death in three patients. This is in contrast to the single identified case of *Pseudomonas aeruginosa* lung dissemination which was not fatal. It is worth noting that *Pseudomonas aeruginosa* is the most common infectious agent in the lungs of patients with CF based upon 2014 CF Foundation Patient Registry data approximating 66%, while BCC lung infection was reported in only 3.4% \[[@R15]\].

In summary, based upon this single institution study over a 15-year period, we have identified a high prevalence of disseminated BSIs based upon positive blood culture results. Theoretically, 31 evaluable patients (21%), 47 events, and 106 (70%) of the positive blood cultures due to venous catheter or TIVAP-related infections were preventable. The invasive nature of BCC lung infection and propensity of BCC bacteria to invade the blood stream leading to the development of sepsis from "Cepacia syndrome" which is associated with a high mortality was again evident \[[@R12], [@R16], [@R17]\].
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